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Description
FIELD
[0001] The present disclosure relates generally to

methods and systems for solid axle testing.
BACKGROUND

[0002] WO 2015/145303 A2 discloses ultrasound in-
spection of an axle of a railway wheel set. A blind hole
coaxial with the axle accommodates an ultrasonic probe
which includes transducers arranged at a front face of
the probe body, an aligning pin for aligning the probe on
the longitudinal axis of the axle, and a gasket which en-
circles the probe body setting it up as a piston with respect
to the blind hole.

[0003] EP 2546 642 A2 discloses rotating shaft mon-
itoring. US 4 899 590 A discloses pump shaft inspection.
US 5 131 276 A discloses a load indicator. US 5 708 208
A discloses testing of a socket screw.

[0004] Currently, solid axles for trains are inspected
from their front faces using single-element ultrasonic
(UT) probes with different angles or phased array (PA)
UT probes with an electronic steering capability. During
the inspection the axles are typically already mounted on
the trains and equipped with relevant components, for
example, wheel-sets, brake disks, transmission disks,
etc.

[0005] Inspection of the axles requires that as much
volume as possible of the axle is inspected. However, in
most cases, the axle’s skin surface is protected with a
thick paint that makes a proper UT coupling impossible.
The only free access point forinspection is thus the axle’s
front face. However, as shown in FIG. 1, threaded holes
10 formed in an axle’s front face for fixing a cap to the
axle prevent certain areas or angular sectors 12 from
being inspected. PA probes currently exist which can be
inserted in a cone-shaped stud hole 14 formed in a front
offace ofanaxle, asillustrated in FIG. 2, butthese probes
can only be used for testing the front journal or the wheel
set area of the axle, and it is not possible to cover the
body of the axle (e.g., the central part of the axle’s shaft).
[0006] During inspection with single-element UT
probes, A-Scan data is conventionally used in testing,
which limits the comprehensive documentation of the
testing results. Additionally, due to the limited amount of
inspection angles used, and thus limited testing cover-
age, indications may be missed or wrongly estimated.
Since the inspection with single-element UT probes re-
quires a repetition of the axle for each probe, the testing
with the probes is typically time consuming.

[0007] Also, achallenge in the inspection of solid axles
from the front joint either by PA or single-element UT
probe are geometrical reflections from the axle itself
which may mimic or hide reflection signals from relevant
indications and the multiple reflections plus mode con-
versions which may cause false indications.
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[0008] Accordingly, there remains a need forimproved
methods, systems, and devices for solid axle testing.

BRIEF DESCRIPTION

[0009] The present invention is defined in the accom-
panying claims.

[0010] In one embodiment, an inspection system is
provided that includes a probe configured to be inserted
into ablind hole formedin a solid axle. The probe includes
an ultrasonic transducer at an end face thereof that is
configured to generate ultrasonic waves in the solid axle
covering substantially an entire portion of the solid axle
to be inspected when the probe is within the blind hole.
[0011] The inspection system can have any number of
variations. As an example, the ultrasonic transducer can
include an angle beam ultrasonic transducer configured
to propagate a shear wave and a longitudinal beam ul-
trasonic transducer configured to propagate a compres-
sion wave, and the ultrasonic waves can include the
shear wave propagated by the angle beam ultrasonic
transducer and the compression wave propagated by the
longitudinal beam ultrasonic transducer. As another ex-
ample, the ultrasonic transducer can include a plurality
of phased array transducers configured to operate with
different wave modes and configured to provide a zone-
discrimination employed an actuation and evaluation unit
during position encoded recording of a B-Scan of the
axle’s skin surface. As yet another example, the ultra-
sonic transducer can include a single ultrasonic trans-
ducer. As another example, the probe can be configured
to be inserted into the blind hole until the end face of the
probe abuts a bottom surface of the blind hole. As still
another example, the probe can include a controller con-
figured to analyze the echo to determine whether a flaw
is present in the solid axle. The flaw can include at least
one of a crack, a notch, an inclusion, a void, and a frac-
ture. As yet another example, the substantially entire por-
tion of the solid axle to be inspected can be at least one
of substantially an entire skin surface of the solid axle
and substantially an entire volume of the solid axle. As
another example, the probe can be configured to be in-
serted into the blind hole at any rotational orientation rel-
ative to the solid axle. As stillanother example, the probe
can be configured to be automatically centered within the
blind hole when inserted therein. As yetanother example,
the solid axle can be mounted on a train.

[0012] As yet another example, the probe can include
a securing element configured to secure the probe within
the blind hole. The securing element can include at least
one magnet configured to magnetically engage the solid
axle to effect the securing, and/or the probe can include
a movable handle configured to be moved to selectively
cause the securing element to secure the probe within
the blind hole. The movable handle can be configured to
cause the securing element to selectively move the se-
curing element toward the solid axle and away from the
solid axle.
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[0013] As yet another example, the inspection system
caninclude a liquid couplant on the end face of the probe.
The liquid couplant can include one of water, grease, oil,
and a gel.

[0014] The blind hole is in a front face of the solid axle.
The front face can have a plurality of threaded holes
formed therein, and the probe can be configured to be
inserted into the blind hole beyond a depth of each of the
plurality of threaded holes. The probe is configured to be
inserted into the blind hole to abut an end surface of the
blind hole.

[0015] In another embodiment, an inspection method
is provided that includes inserting a probe into a blind
hole formed in a solid axle, and activating an ultrasonic
transducer of the probe to cause ultrasonic waves to
propagate within the solid axle covering at least one of
substantially an entire skin surface of the solid axle and
substantially an entire volume of the solid axle.

[0016] The inspection method can have any number
of variations. As an example, the ultrasonic transducer
can include an angle beam ultrasonic transducer and a
longitudinal beam transducer, and the ultrasonic waves
can include a shear wave propagated by the angle beam
ultrasonic transducer and a compression wave propa-
gated by the longitudinal beam ultrasonic transducer. As
another example, the ultrasonic transducer can include
a plurality of phased array transducers configured to op-
erate with different wave modes and configured to pro-
vide a zone-discrimination employed in the phase array
ultrasonic electronics during position encoded recording
of a B-scan of the axle’s skin surface. As yet another
example, the ultrasonic transducer can include a single
ultrasonic transducer. As stillanother example, the probe
can be inserted into the blind hole until an end face of
the probe abuts a bottom surface of the blind hole. As
yet another example, the probe can be configured to be
inserted into the blind hole at any rotational orientation
relative to the solid axle. As still another example, the
probe can be automatically centered within the blind hole
wheninserted therein. As another example, the solid axle
can be mounted on a train.

[0017] Asanother example, the inspection method can
include detecting an echo of the ultrasonic waves, and
analyzing the echo to determine whether a flaw is present
in the solid axle. The flaw can include at least one of a
crack, a notch, an inclusion, a void, and a fracture.
[0018] As yetanother example, the probe can include
a securing element that automatically secures the probe
within the blind hole. The securing element can include
at least one magnet configured to magnetically engage
the solid axle to effect the automatic securing, and/or the
inspection method can include manually moving ahandle
of the probe with the movement of the handle automati-
cally causing the securing element to secure the probe
within the blind hole. The movement of the handle can
cause the securing element to move toward the solid
axle. The inspection method can also include manually
moving the handle again to move the securing element

10

15

20

25

30

35

40

45

50

55

away from the solid axle and thereby release the secur-
ing.

[0019] As still another example, a liquid couplant can
be provided on an end face of the probe. The liquid cou-
plant can include one of water, grease, oil, and a gel.
[0020] The blind hole is in a front face of the solid axle.
The front face can have a plurality of threaded holes
formed therein and the probe can be inserted into the
blind hole beyond a depth of each of the plurality of
threaded holes, and/or the probe can be inserted into the
blind hole to abut an end surface of the blind hole.
[0021] As yetanother example, the inspection method
can include removing the probe from the blind hole, in-
serting the probe into a second blind hole formed in a
second solid axle, and activating the ultrasonic transduc-
er of the probe to cause ultrasonic waves to propagate
within the second solid axle covering at least one of sub-
stantially an entire skin surface of the solid axle and sub-
stantially an entire volume of the solid axle. The solid
axle and the second solid axle can be mounted on a
wheel of a train.

BRIEF DESCRIPTION OF THE DRAWING

[0022] This disclosure will be more fully understood
from the following detailed description taken in conjunc-
tion with the accompanying drawings, in which:

FIG. 1 (Prior Art) is a schematic front view of an em-
bodiment of a front face of a solid axle;

FIG. 2 (Prior Art) is a perspective view of a front por-
tion of an embodiment of a solid axle;

FIG. 3 is a perspective view of an embodiment of a
probe and a front portion of another embodiment of
a solid axle;

FIG. 4 is a perspective view of the probe of FIG. 3
operatively coupled to the solid axle;

FIG. 5 is a side cross-sectional view of the probe and
solid axle of FIG. 4;

FIG. 6 is a schematic cross-sectional view of ultra-
sonic waves propagating at different steering angles
in a front portion of the solid axle of FIG. 3;

FIG. 7 is a schematic cross-sectional view of ultra-
sonic waves propagating at different steering angles
from a different emission point in a front portion of
the solid axle of FIG. 3;

FIG. 8 is a schematic cross-sectional view of ultra-
sonic waves propagating at different steering angles

in a front portion of the solid axle of FIG. 3;

FIG. 9 is a schematic cross-sectional view of the ul-



5 EP 3 507 600 B1 6

trasonicwaves of FIG. 8 propagating in the solid axle;

FIG. 10 is an image of sound pressure distribution
of an ultrasonic wave propagating at a specific steer-
ing angle in a front portion of the solid axle of FIG. 3;

FIG. 11 is another image of sound pressure distri-
bution of an ultrasonic wave propagating at a specific
steering angle in a front portion of the solid axle of
FIG. 3;

FIG. 12 is yet another image of sound pressure dis-
tribution of ab ultrasonic wave propagating at a spe-
cific steering angle in a front portion of the solid axle
of FIG. 3;

FIG. 13 is still another image of sound pressure dis-
tribution of an ultrasonic wave propagating at a spe-
cific steering angle in a front portion of the solid axle
of FIG. 3;

FIG. 14 is a perspective view of another embodiment
of a probe;

FIG. 15 is another perspective view of the probe of
FIG. 14;

FIG. 16 is yet another perspective view of the probe
of FIG. 14;

FIG. 17 is a perspective view of an end portion of
the probe of FIG. 14;

FIG. 18 is an end view of the probe of FIG. 14;

FIG. 19 is a top view of the probe of FIG. 14 with
handles thereof in first and second positions;

FIG. 20 is a perspective view of an intermediate por-
tion of the probe of FIG. 14 with an engagement

member thereof in first and second positions;

FIG. 21 is a top view of another intermediate portion
of the probe of FIG. 14;

FIG. 22 is another perspective view of the probe of
FIG. 14;

FIG. 23 is a perspective view of a front portion of the
probe of FIG. 14;

FIG. 24 is a front end view of the probe of FIG. 14;

FIG. 25 is a cross-sectional view of the probe of FIG.
14;

FIG. 26 is an image of ultrasonic wave groups for
the solid axle of FIG. 13;
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FIG. 27 is an image of A-Scan, Multigroup S-Scan,
and Position Encoded B-Scan data; and

FIG. 28 is an image of single indications of the B-
Scan data of FIG. 27 mapped to the skin surface of
the solid axle of FIG. 13.

[0023] Itis noted that the drawings are not necessarily
to scale. The drawings are intended to depict only typical
aspects of the subject matter disclosed herein, and there-
fore should not be considered as limiting the scope of
the disclosure. In the drawings, like numbering repre-
sents like elements between the drawings.

DETAILED DESCRIPTION

[0024] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of
the systems, devices, and methods disclosed herein.
One or more examples of these embodiments are illus-
trated in the accompanying drawings. Those skilled in
the art will understand that the systems, devices, and
methods specifically described herein and illustrated in
the accompanying drawings are non-limiting exemplary
embodiments and that the scope of the presentinvention
is defined solely by the claims.

[0025] Further, in the present disclosure, like-named
components of the embodiments generally have similar
features, and thus within a particular embodiment each
feature of each like-named component is not necessarily
fully elaborated upon. Additionally, to the extent that lin-
ear or circular dimensions are used in the description of
the disclosed systems, devices, and methods, such di-
mensions are not intended to limit the types of shapes
that can be used in conjunction with such systems, de-
vices, and methods. A person skilled in the art will rec-
ognize that an equivalent to such linear and circular di-
mensions can easily be determined for any geometric
shape.

[0026] Methods, systems, and devices for solid axle
testing are provided. In general, a probe can be config-
ured to operatively engage a solid axle to inspect the
solid axle, such as by being inserted into a hole formed
in a front face of the solid axle. The probe can be config-
ured to operatively engage the solid axle when the solid
axle is already mounted in position for use, such as by
being mounted on a train and equipped with relevant
components, such as wheel-sets, brake disks, or trans-
mission disks. The probe can include at least one ultra-
sonic transducer configured to generate ultrasonic
waves in the solid axle, when the probe is operatively
coupled to the axle’s front face. The at least one ultra-
sonic transducer can include a phased array (PA) ultra-
sonic transducer, and the ultrasonic waves can be con-
figured to propagate at different steering angles in the
axle substantially covering an entire portion of the solid
axle, e.g., substantially 100% of the solid axle’s skin sur-
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face and/or substantially 100% of the solid axle’s volume.
A person skilled in the art will appreciate that the ultra-
sonic waves may not cover precisely 100% of the skin
surface or 100% of the volume but nevertheless be con-
sidered to cover substantially the entire skin surface or
the entire volume due to acceptable tolerance for beam
spread or geometrically shadowed areas.

[0027] According to the type of flaw to be detected, the
inspection can be performed to detect targets on the solid
axle’s skin surface or/and within the volume of the solid
axle. Flaws such as fatigue cracks which typically prop-
agate from the axle’s external surface, e.g., skin surface,
are exemplary targets for the inspection. This technology
is notlimited to fatigue crack inspection as the technology
described may be applied to inspection of a variety of
targets including, as non-limiting examples, other types
of cracks, notches, inclusions, voids, and fractures. Any
descriptions below in which one kind of inspection is dis-
cussed should not be interpreted as a limiting exam-
ple/application.

[0028] The methods, systems, and devices provided
herein can be used with a variety of solid axles. The solid
axles can be solid axles for railway trains or for other
industrial objects that include solid axles, such as subway
trains, aircraft, construction vehicles, and the like. FIGS.
3 and 4 illustrate one embodiment of a solid axle 16 with
which the methods, systems, and devices provided here-
in can be used. The solid axle 16 has a front face 18 with
a central stud hole 20 formed therein and a plurality of
threaded holes 22 formed therein. The solid axle 16 has
three threaded holes 22 but can include another number
of threaded holes. The stud hole 20 is a blind hole and
has a cylindrical shape that defines a substantially flat
end face 24 of the stud hole 20. A person skilled in the
art will appreciate that the end face 24 may not be pre-
cisely flat but nevertheless be considered to be substan-
tially flat due to any of a variety of factors, such as man-
ufacturing tolerances and sensitivity of measurement
equipment. The end face 24 of the stud hole 20 being
flat may facilitate operative engagement with a substan-
tially flat end face of a probe inserted into the stud hole.
[0029] The probes described herein can have a variety
of configurations. FIGS. 3 and 4 illustrate one embodi-
ment of a probe 26 configured to facilitate inspection of
a solid axle. The probe 26 is illustrated in FIGS. 3 and 4
with the solid axle 16 but can be similarly used with other
embodiments of solid axles. The probe 26 has a handle
28 at a proximal end thereof that is configured to be held
by hand to facilitate manual manipulation of the probe
26. The handle 28 has a bulb shape to facilitate gripping
thereof, but the handle 28 can have other shapes.
[0030] The probe 26 also has an inspection portion 30
at a distal end thereof. The inspection portion 30 is con-
figured to be inserted into a stud hole of a solid axle, as
shown in FIG. 4 in which the inspection portion 30 of the
probe 26 is disposed within the stud hole 20. An end face
32 (FIG. 5) of the probe 26 is configured to abut the end
face 24 of the stud hole 20, as shown in FIGS. 4 and 5
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in which the end faces 24, 32 contact one another such
that surfaces of the probe 26 and the axle 16 are in con-
tact with one another. Because the stud hole 20 has a
depth greater than a depth of each of the threaded holes
22, as shown in FIG. 5, the end face 32 of the probe 26
is located within the axle 16 a distance beyond an end
of the threaded holes 22 when the end faces 24, 32 abut
one another. The threaded holes 22 may therefore not
interfere with an ultrasonic wave 34, 36 propagated by
one or more ultrasonic transducers 38, 40 at the end face
32 of the probe 26 in the inspection portion 30.

[0031] The one or more ultrasonic transducers 38, 40
can have a variety of configurations. In an exemplary
embodiment, the one or more ultrasonic transducers 38,
40 are each an ultrasonic (UT) PA transducer. In this
illustrated embodiment, one of the ultrasonic transducers
38 is an angle beam UT PA transducer configured to
generate and detect shear waves 34 at different steering
angles, and another one of the ultrasonic transducers 40
is a longitudinal beam UT PA transducer configured to
generate and detect compression waves 36 at different
steering angles. The ultrasonic waves generated by the
one or more ultrasonic transducers 38, 40 thus includes
the shear waves 34 and the compression waves 36. The
combination of the ultrasonic waves 34, 36 allows the
probe to generate ultrasonic waves at different steering
angles which cover substantially an entire skin surface
of the axle 16, as shown in FIG. 5, thereby allowing in-
spection of substantially the entire skin surface. In other
words, substantially an entire circumference of the axle
16 may be inspected along a longitudinal length of the
axle 16.

[0032] FIG. 6 illustrates one embodiment of the angle
beam UT PA transducer 38 generating the shear waves
34 in one approach for inspection of a journal portion 42
of the axle 16 and a wheel seat portion 44 of the axle 16.
FIG. 7 illustrates another embodiment of the angle beam
UT PA transducer 38 propagating the shear waves 34 in
another approach for inspection of the journal portion 42.
FIGS. 8 and 9 illustrate one embodiment of the longitu-
dinal beam UT PA transducer 40 generating the com-
pression waves 36 in one approach for inspection of the
journal portion 42, a wheel seat portion 44, and a body
portion 46 of the axle 16.

[0033] The angle of the shear wave 34 generated by
the angle beam UT PA transducer 38 can vary and can
be controlled electronically by an actuation and evalua-
tion unit. In an exemplary embodiment, the angle of the
shear wave 34 is in a range of about 33° to 70°, e.g.,
about 35°, about 65°, about 70°, in a range of about 35°
to 70°, etc. A person skilled in the art will appreciate that
an angle may not have a precise degree value but nev-
ertheless be considered to be at about that degree value
due to any of a variety of factors, such as manufacturing
tolerances of the ultrasonic transducer and knowledge
of the sound velocities. An entirety of the solid axle’s skin
surface circumference can be scanned by rotating the
probe 26 360° within the solid axle’s stud hole, such as
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by manually rotating the probe 26 by hand. FIG. 10 illus-
trates one embodiment of an angle of the shear wave
34, with the angle being about 70°, with the shear wave
34 engaging the axle’s journal portion 42 to facilitate in-
spection thereof. FIG. 11 illustrates another embodiment
of an angle of the shear wave 34, with the angle being
about 35°, with the shear wave 34 engaging the axle’s
wheel seat portion 44 to facilitate inspection thereof.
[0034] The angle of the compression wave 36 gener-
ated by the longitudinal beam UT PA transducer 40 can
vary and can be controlled electronically by an actuation
and evaluation unit. In an exemplary embodiment, the
angle of the compression wave 36 is in a range of about
0° to 30°, e.g., in a range of about 2° to 25°, in a range
ofabout2°to0 30°, etc. FIG. 12 illustrates one embodiment
of an angle of the compression wave 36, with the angle
being about 30°, with the compression wave 36 engaging
the axle’s journal portion 42 and wheel seat portion 44
to facilitate inspection thereof. FIG. 13 illustrates another
embodiment of an angle of the compression wave 36,
with the angle being about 3°, with the compression wave
36 engaging the axle’s body portion 46 to facilitate in-
spection thereof.

[0035] As shown in FIGS. 11 and 12, the angle of the
shear wave 34 and compression wave 36 can be config-
ured such that they probe the same area of the solid axle
16. Thus, by employing the angle beam UT PA transduc-
er 38 and the longitudinal UT PA transducer 40 the com-
plete skin surface of the axle 16 can be inspected, as
illustrated in FIGS. 10-13.

[0036] FIGS. 14-16illustrate another embodiment of a
probe 50 configured to facilitate inspection of a solid axle.
The probe 50 can generally be configured and used sim-
ilar to the probe 26 of FIGS. 3 and 4. The probe 50 can
have a variety of sizes. As shown in FIG. 16, the probe
50 has alength 50L and a width 50W.In one embodiment,
the length 50L is about 350 mm and the width 50W is
about 250 mm.

[0037] The probe 50 is configured to be portable such
that a user may transport the probe 50 between inspec-
tion sites. A weight of the probe 50 may facilitate the
portability, such as the probe 50 being relatively light-
weight, e.g., in a range of about 4 to 5 kg.

[0038] The probe 50 has a handle that includes first
and second movable handles 52, 54 each configured to
held by one hand of a user to facilitate manual manipu-
lation of the probe 50. The handles 52, 54 each have a
cylindrical grip area configured to be held by hand, but
the handles 52, 54 can each have other shapes.

[0039] The probe 50 also has an inspection portion 56
at a distal end thereof. The inspection portion 56 is con-
figured to be inserted into a stud hole of a solid axle such
that an end face 58 of the probe 50, which is substantially
flat, abuts an end face of the stud hole, which can also
be substantially flat. The probe 50 includes at least one
ultrasonic transducer 60, 62 in the inspection portion 56,
as also shown in FIG. 17. The at least one ultrasonic
transducer 60, 62 is at the end face 58 to facilitate ultra-
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sound wave generation in the solid axle to which the
probe 50 is operatively coupled, e.g., the solid axle into
which the inspection portion 56 is inserted. In this illus-
trated embodiment, the at least one ultrasonic transducer
60, 62 includes an angle beam UT PA transducer 60
configured to generate shear waves and a longitudinal
beam UT PA transducer 62 configured to generate com-
pression waves. The angles of the shear and compres-
sion waves can vary, as discussed above.

[0040] The probe 50 has a plexiglass (or similar) cover
64 at its distal end through which the angle beam UT PA
and longitudinal UT PA transducers 60, 62 are configured
to propagate their respective ultrasonic waves. In use, a
couplant (e.g., a paste or a fluid such as water, grease,
oil, a gel, etc.) can be provided on the end face 58 on the
cover 64 to facilitate propagation of the UT signals. In
the case of a low viscosity fluid couplant, one or more
openings in the cover 64 can be present to allow the
couplant flow to the front of the end face 58. In an em-
bodiment, external pumps could recirculate the couplant
through the system by delivering the couplant to the front
of the end face 58. Following delivery, the couplant can
be recovered then re-delivered to the front of the end
face 58.

[0041] The probe 50 includes a coupling member con-
figured to facilitate secure, releasable engagement of the
probe 50 with a solid axle. In general, the coupling mem-
ber is configured to hold the inspection portion 56 in align-
ment within the solid axle’s stud hole, which may help
ensure thatthe ultrasonic waves generated by the atleast
one ultrasonic transducer 60, 62 are properly propagated
without unintentionally repeating angles of inspection
and/or may allow the probe’s position relative to the solid
axle during use of the probe 50 not be entirely reliant on
a user’s potentially unstable manual positioning of the
probe 50. In this illustrated embodiment, the coupling
member includes a pair of magnets 66a, 66b, as shown
in FIGS. 14 and 18, although the coupling member can
include any number of magnets. The magnets 66a, 66b
each have an arc shape to facilitate engagement thereof
with a front face of a solid axle, which typically has a
circular ring shape, as shown for example by the front
face 18 of the axle 16 of FIGS. 3 and 4. The magnets
66a, 66b can, however, have other shapes.

[0042] The probe 50 includes at least one sensor 68
configured to sense a position of the probe 50 relative to
a solid axle, such as one or more inductive sensors (also
referred to as inductive proximity sensors) configured to
sense proximity of the probe 50 to the metal solid axle.
The at least one sensor 68 may help ensure that the
probe 50 is properly operatively coupled to the solid axle
by sensing engagement of the magnets 66a, 66b with
the solid axle’s front face. The at least one sensor 68 can
thus be located on the coupling member (on one of the
magnets 66b in this illustrated embodiment) on a surface
thereof that contacts the front face.

[0043] As mentioned above, the first and second han-
dles 52, 54 are configured to move. The movement of
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the handles 52, 54, which is illustrated in FIG. 18, is con-
figured to cause movement of an engagement portion 70
of the probe 50 that includes the coupling member (the
magnets 66a, 66b). The movement of the handles 52,
54 is thus configured to cause movement of the coupling
member (the magnets 66a, 66b). The first and second
movable handles 52, 54 are configured to move to facil-
itate operative coupling of probe 50 with the solid axle
by helping to ensure that the coupling member (the mag-
nets 66a, 66b) engage the solid axle’s front face.
[0044] In the illustrated embodiment, the handles 52,
54 are configured to move between a first, initial position,
shown on a right hand side of FIG. 19, and a second,
engagement position, shown in FIGS. 14-16 and on a
left hand side of FIG. 19. In the first position, the handles
52, 54 are at a first angle relative to a longitudinal axis
50A ofthe probe 50, and the magnets 66a, 66b are angled
relative to one another and are each angled away from
the probe’s end face 58. In the second position, the han-
dles 52, 54 are at a second, larger angle relative to the
longitudinal axis 50A of the probe 50, and the magnets
66a, 66b are not angled relative to one another, e.g., are
atazero angle relative toone another, and are notangled
relative to the probe’s end face 58, e.g., are at a zero
angle relative to the end face 58. In this way, when the
end face 58 abuts a corresponding surface of a solid axle
(e.g., a bottom surface of the axle’s stud hole) and the
handles 52, 54 are in the first position, the magnets 66a,
66b will not engage the solid axle’s front face. Similarly,
when the end face 58 abuts the corresponding surface
of the solid axle and the handles 52, 54 are in the second
position, the magnets 66a, 66b will engage the solid ax-
le’s front face, e.g., magnetically engage the front face,
and consequently help hold the probe 50 in position rel-
ative to the solid axle. Thus, in use, the inspection portion
56 of the probe 50 can be inserted into the solid axle’s
stud hole with the handles 52, 54 in the first position, and
then the handles 52, 54 can be moved (e.g., by hand)
from the first position to the second position to cause the
magnets 66a, 66b to magnetically couple to the solid ax-
le’s front face. The inspection portion 56 of the probe 50
can thus be inserted into the stud hole at any rotational
orientation relative thereto since the magnets 66a, 66b
radially arranged around the location of the stud hole will
be able to magnetically engage the axle’s front face re-
gardless of their rotational orientation relative thereto.
Similarly, the handles 52, 54 can be moved from the sec-
ond position to the first position to disengage the magnets
66a, 66b from the solid axle’s front face.

[0045] To facilitate movement of the handles 52, 54
between the first and second positions, the probe 50 in-
cludes a pair of gear transmissions 72, 74, shown in
FIGS. 18 and 19, although similar mechanisms may be
used. The gear transmissions 72, 74 may help ensure
that the handles 52, 54 move together, and hence that
the magnets 66a, 66b move together.

[0046] The probe 50 also includes an engagement
member configured to engage the solid axle to which the
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probe 50 is operatively coupled to help press the inspec-
tion portion 56 of the probe 50 within the axle’s stud hole,
e.g., help press the end face 58 against the stud hole’s
bottom surface. The inspection portion 56 being pressed
into the stud hole may help ensure a stable UT coupling.
In the illustrated embodiment, as shown in FIGS. 14 and
20, the engagement member includes a spring loaded
member 76 in the form of a ring located radially inward
of the coupling member, e.g., radially inward of the mag-
nets 66a, 66b. The spring loaded member 76 is config-
ured to move between a first, distal position, shown on
a left hand side of FIG. 20, and a second, proximal po-
sition, shown in FIG. 14 and on a right hand side of FIG.
20. The first, distal position is the default position of the
spring loaded member 76, e.g., the position to which the
spring loaded member 76 is biased by spring force. The
spring loaded member 76 is thus biased in a distal direc-
tion toward the inspection portion 56. The spring loaded
member 76 is configured to automatically move from the
first positon to the second position in response to the
inspection portion 56 being inserted into a stud hole of a
solid axle by virtue of the inspection portion 56 being
pressed againstthe stud hole’s bottom surface. Similarly,
the spring loaded member 76 is configured to automati-
cally move from the second positon to the first position
in response to the inspection portion 56 being removed
from the stud hole by virtue of the inspection portion 56
being released from engagement with the stud hole’s bot-
tom surface.

[0047] As shownin FIGS. 21 and 22, the probe 50 in-
cludes an encoder 78, a motor 80 (which is a DC motor
in this illustrated embodiment), at least one position sen-
sor 82, an elastic joint 84, and a gear transmission 86
from the motor 80 to a main shaft and an encoder shaft
on which the encoder 78 is mounted. The at least one
position sensor 82, which includes two position sensors
in this illustrated embodiment, is configured to sense a
position of the probe 50 relative to the solid axle to which
the probe 50 is operatively coupled. The encoder 78 is
configured to convert the signals of the at least one po-
sition sensor 82 to an electronic signal for transmission
to a controller 88 of the probe 50, as shown in FIG. 23,
to help determine positioning of the probe 50 relative to
the solid axle.

[0048] AsalsoshowninFIG. 23, the probe 50 includes
a memory 90 configured to store positions of the probe
50 previously sensed by the encoder of the DC motor
80. The controller 88 is configured to use the electronic
signal received from the position sensor 84 and the en-
coder of the DC motor 80 to determine, based on the
previously sensed positions of the probe 50, whether the
probe 50 has rotated a full 360° relative to the solid axle
to ensure complete gathering of UT data. If the controller
88 determines the probe 50 has not yet rotated 360°,
then the controller 88 is configured to actuate the motor
80 (to turn on the motor 80 or to not yet turn off the motor
80) to cause movement of the gear transmission 86, e.g.,
to cause gears of the gear transmission 86 to rotate,
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thereby causing rotation of the inspection portion 56 with-
in the solid axle’s stud hole. Ifthe controller 88 determines
the probe 50 has rotated 360°, then the controller 88
causes motor 80 to stop, thereby stopping rotation of the
inspection portion 56 within the solid axle’s stud hole.
The controller 88 can be configured to stop the motor 80
upon achievement of 360° rotation of the inspection por-
tion 56, which may help save time by rotating only as
much as needed, or at some amount of rotation over
360°, which may help ensure that complete data is ac-
quired.

[0049] Instead of being rotated via the motor 80, the
probe 50 can be manually rotated. Electronic rotation
may, however, result in more stable and consistent rota-
tion of the probe 50 within the solid axle’s stud hole and
thereby help ensure that complete UT data is acquired
along the axle’s entire skin surface.

[0050] As shown in FIGS. 23 and 24, the probe 50 in-
cludes a user interface portion 92. In general, the user
interface portion 92 is configured to facilitate user control
and monitoring of the probe 50. The user interface portion
92 can have a variety of configurations but in this illus-
trated embodiment includes at least one status indicator
94, a speed selector 96 configured to allow user selection
of a speed of the motor 80 (and hence a speed of the
inspection portion’s rotation), an encoder socket 98 con-
figured to operatively couple to a cable for the encoder
78, a stop/reset button 100 to allow a user to stop any
inspection underway and cause position of the probe 50
to be re-sensed by the at least one position sensor 82
and adjusted if necessary via the motor 80, an inspect
button 102 configured to begin a 360° rotation of the
probe 50 in the stud hole, a power supply socket 104
configured to operatively couple to a power supply cable,
a left movement button 106 configured to allow a user to
cause movement of the probe 50 to the left to manually
adjust position of the probe 50 within a stud hole, and a
right movement button 108 configured to allow a user to
cause movement of the probe 50 to the right to manually
adjust position of the probe 50 within a stud hole. The at
least one status indicator 94 in this illustrated embodi-
ment includes a plurality of LED lights. One of the LED
lights (Insp.) is configured to be illuminated when the
probe 50 is ready for inspection, e.g., signals from the at
least one ultrasonic transducer 62, 64 can be recorded
in the accompanied UT electronics, one of the LED lights
(PWR) is configured to be illuminated when the probe 50
is powered on, and one of the LED lights (Fault) is con-
figured to illuminate in the event of an error detected by
the controller 88 (e.g., the probe 50 not being coupled to
the solid axle’s front face as determined by an inductive
sensor 68, etc.). Also, a UT cable exit 110 is present
through which a UT cable operatively coupled to the at
least one ultrasonic transducer 62, 64 exits the probe 50
by which the at least one ultrasonic transducer 62, 64
can be connected to UT electronics recording and dis-
playing the UT signals of the inspection and thus forming
a complete inspection system. As shown in FIG. 25, the
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probe 50 includes a main shaft 112 configured to have
the UT cable disposed therein. The main shaft 112 can
include other elements therein, such as a tube extending
therethrough into which the couplant can be introduced
forrelease onto the end face 58. In another embodiment,
the UT cables can also be connected to a slip-ring system
to let the probe head rotate endlessly. In such a case,
the slip-ring can be mounted on the central shaft, and
the external housing of the slip ring can be fixed on the
flange where the motor is mounted.

[0051] FIG. 26 illustrates one configuration of an actu-
ation and evaluation unit configured to control a trans-
ducer and configured to receive, process, and display
the signals received from transducers in a multi-group
setup (e.g., a group including the ultrasonic transducers
62, 64). In the illustrated setup and display, a probe is
operated in a multi-group setup in which the S-Scan 120,
121 of each group covers a specific surface area of the
solid axle 50 (though other embodiments of solid axles
can be similarly scanned), as indicated in FIG. 26. By
employing a multi-group setup, the groups can be con-
figured such that misleading geometrical reflections or
reflections originating in mode conversions can be dis-
criminated based on inspection range and steering range
such that they do not mimic false indications.

[0052] FIG. 27 illustrates an example of position en-
coded B-Scan data 125 from the solid axle 50 (though
other embodiments of solid axles can be similarly
scanned) recorded with the actuation and evaluation unit
of FIG. 26 to display the inspection results. The B-Scan
displays the covered skin surface of the solid axle 50 and
shows detected indications based on depth along the
longitudinal direction of the axis and angular position.
FIG. 28 illustrates an example of how the single indica-
tions on the B-Scan can be mapped to the actual skin
surface of the solid axle 50.

[0053] The devices, systems, and methods disclosed
herein produce a number of advantages and/or technical
effects in addition to or in alternative to any one or more
of those discussed above. As an example, a probe op-
eratively coupled to a solid axle may allow for inspection
of substantially an entire skin surface of the axle. The
probe being configured to generate ultrasonic shear
waves and longitudinal compression waves may facili-
tate this inspection. As another example, a probe being
configured to access a solid axle via a front face thereof
allows for the inspection even if the solid axle’s skin sur-
face is protected with a coating such as paint. As yet
another example, a probe being configured to gather and
store data such as positional data may facilitate later
analysis of use of the probe and/or may facilitate real
time positioning of the probe using the stored data. As
still another example, a probe using UT PA transducer(s)
and being connected to an actuation and evaluation unit
configured to receive, process, and display the signals
received from the ultrasonic transducers may allow ad-
vanced data acquisition techniques such as S-Scan, A-
Scan, B-Scan, and C-Scan representations of the UT
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inspection data. In the B-Scan analysis, only reflections
from real indications may be present (e.g., geometrical
reflections may be avoided) by using multiple groups dis-
tinct in steering range, depth, and reference gain to
achieve a zone-discrimination along a length of the axle.
[0054] One skilled in the art will appreciate further fea-
tures and advantages of the invention based on the
above-described embodiments. Accordingly, the inven-
tion is not to be limited by what has been particularly
shown and described, exceptasindicated by the append-
ed claims.

Claims
1. Aninspection system, comprising:

aprobe (50) configured to be inserted into a blind
hole formed in a front face (18) of a solid axle
(16), the probe (50) including an inspection por-
tion (56) at a distal end thereof configured for
insertion into the blind hole and an ultrasonic
transducer (38, 40) at an end face (58) thereof
that is configured to generate ultrasonic waves
in the solid axle (16) covering an entire portion
of the solid axle to be inspected when the probe
(50) is within the blind hole,

the probe (50) including an engagement mem-
ber configured to engage the solid axle (16) to
which the probe (50) is operatively coupled, the
engagement member including a spring loaded
member (76) in the form of aring located radially
inward of a coupling memberincludinganumber
of magnets (66a, 66b), the spring loaded mem-
ber (76) being configured for pressing the end
face (58) of the probe (50) against the bottom
surface of the blind hole and the coupling mem-
ber (66a, 66b) of the probe (50) being configured
for engaging the front face (18) of the solid axle
(16) and to hold the inspection portion (56) in
alignment with the blind hole.

2. Theinspection system of claim 1, wherein the ultra-
sonic transducer includes an angle beam ultrasonic
transducer (38) configured to propagate a shear
wave and a longitudinal beam ultrasonic transducer
(40) configured to propagate a compression wave,
and the ultrasonic waves include the shear wave
propagated by the angle beam ultrasonic transducer
(38) and the compression wave propagated by the
longitudinal beam ultrasonic transducer (40).

3. Theinspection system of claim 1, wherein the probe
includes a controller (88) configured to analyze an
echo to determine whether a flaw is present in the
solid axle.

4. The inspection system of claim 3, wherein the flaw
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includes atleast one of a crack, a notch, an inclusion,
a void, and a fracture.

5. The inspection system of claim 1, further comprising
a liquid couplant on the end face of the probe (50).

6. The inspection system of claim 5, wherein the liquid
couplantincludes one of water, grease, oil, and a gel.

7. The inspection system of claim 1, wherein the ultra-
sonic transducer includes a plurality of phased array
transducers configured to operate with different
wave modes and configured to provide a zone-dis-
crimination when employed with an actuation and
evaluation unit during position encoded recording of
a B-Scan of the axle’s skin surface.

8. The inspection system of claim 1, wherein the ultra-
sonic transducer includes a single ultrasonic trans-
ducer.

9. The inspection system of claim 1, wherein the probe
(50)is configured to be automatically centered within
the blind hole when inserted therein.

10. The inspection system of claim 1, wherein the probe
(50) includes a securing element configured to se-
cure the probe within the blind hole.

11. An inspection method, comprising:

inserting a probe (50) of an inspection system
of any preceding claim into a blind hole formed
in a front face (18) a solid axle (16); and
activating an ultrasonic transducer (38, 40) of
the probe (50) to cause ultrasonic waves to prop-
agate within the solid axle (16).

Patentanspriiche
1. Inspektionssystem, umfassend:

eine Sonde (50), die konfiguriert ist, um in ein
Sackloch, das in einer Vorderflache (18) einer
Starrachse (16) ausgebildet ist, eingefiihrt zu
werden, wobei die Sonde (50) einen Inspekti-
onsabschnitt (56) an einem distalen Ende da-
von, der fir eine Einflhrung in das Sackloch
konfiguriert ist, und einen Ultraschallwandler
(38, 40) an einer Endflache (58) davon ein-
schlief3t, der konfiguriert ist, um Ultraschallwel-
lenin der Starrachse (16) zu erzeugen, die einen
gesamten Abschnitt der Starrachse, die zu in-
spizieren ist, abdecken, wenn sich die Sonde
(50) innerhalb des Sacklochs befindet,

wobei die Sonde (50) ein Eingriffsglied ein-
schlief3t, das konfiguriert ist, um die Starrachse



17 EP 3 507 600 B1 18

(16), mit der die Sonde (50) betriebsfahig ge-
koppeltist, in Eingriff zu nehmen, wobeidas Ein-
griffsglied ein federbelastetes Glied (76) in der
Form eines Rings einschlielt, das zu einem
Kopplungsglied, das eine Anzahl von Magneten
(66a, 66b) einschlielt, radial nach innen ange-
ordnet ist, wobei das federbelastete Glied (76)
zum Driicken der Endflache (58) der Sonde (50)
gegen die untere Oberflaiche des Sacklochs
konfiguriert ist, und das Kopplungsglied (66a,
66b) der Sonde (50) zum Ineingriffnehmen der
Vorderflache (18) der Starrachse (16) konfigu-
riert ist und um den Inspektionsabschnitt (56) in
Ausrichtung mit dem Sackloch zu halten.

Prifsystem nach Anspruch 1, wobei der Ultraschall-
wandler einen Winkelstrahlultraschallwandler (38),
der konfiguriert ist, um eine Scherwelle auszubrei-
ten, und einen Langsstrahlultraschallwandler (40),
der konfiguriertist, um eine Kompressionswelle aus-
zubreiten, einschlief3t und wobei die Ultraschallwel-
len die Scherwelle, die durch den Winkelstrahlultra-
schallwandler (38) ausgebreitet wird, und die Kom-
pressionswelle, die durch den Langsstrahlultra-
schallwandler (40) ausgebreitet wird, einschlie3en.

Inspektionssystem nach Anspruch 1, wobei die Son-
de eine Steuerung (88) einschlielit, die konfiguriert
ist, um ein Echo zu analysieren, um zu bestimmen,
ob ein Fehler in der Starrachse vorhanden ist.

Inspektionssystem nach Anspruch 3, wobeider Feh-
ler mindestens eines von einem Riss, einer Kerbe,
einem Einschluss, einem Hohlraum und einem
Bruch einschliel3t.

Inspektionssystem nach Anspruch 1, ferner umfas-
send ein flissiges Koppelmittel an der Endflache der
Sonde (50).

Inspektionssystem nach Anspruch 5, wobeidas flis-
sige Koppelmittel eines von Wasser, Fett, Ol und
einem Gel einschliel3t.

Inspektionssystem nach Anspruch 1, wobei der Ul-
traschallwandler eine Vielzahl von Phased-Array-
Wandlern einschlief3t, die konfiguriert ist, um mit un-
terschiedlichen Wellenmodi in Betrieb zu sein und
konfiguriert ist, um eine Zonendiskriminierung be-
reitzustellen, wenn sie mit einer Betatigungs- und
Auswerteeinheit wahrend einer positionscodierten
Aufzeichnung eines B-Scans der Hautoberflache
der Achse angewendet wird.

Inspektionssystem nach Anspruch 1, wobei der Ul-
traschallwandler einen einzelnen Ultraschallwandler
einschlielit.
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9.

10.

1.

Inspektionssystem nach Anspruch 1, wobei die Son-
de (50) konfiguriert ist, um innerhalb des Sacklochs
automatisch zentriert zu werden, wenn sie darin ein-
gefuhrt wird.

Inspektionssystem nach Anspruch 1, wobei die Son-
de (50) ein Sicherungselement einschlief3t, das kon-
figuriert ist, um die Sonde innerhalb des Sacklochs
zu befestigen.

Inspektionsverfahren, umfassend:

Einfihren einer Sonde (50) eines Inspektions-
systems nach einem der vorstehenden Anspri-
che in ein Sackloch, das in einer Vorderflache
(18) einer Starrachse (16) ausgebildet ist; und
Aktivieren eines Ultraschallwandlers (38, 40)
der Sonde (50), um zu verursachen, dass sich
Ultraschallwellen innerhalb der Starrachse (16)
ausbreiten.

Revendications

1.

2.

Systeme d’inspection, comprenant :

une sonde (50) congue pour étre insérée dans
un trou borgne formé dans une face avant (18)
d'unessieurigide (16), lasonde (50) comportant
une partie d’'inspection (56) au niveau d’'une ex-
trémité distale de celle-ci congue pour l'insertion
dans le trou borgne et un transducteur ultraso-
nique (38, 40) au niveau d’'une face d’extrémité
(58) de celle-ci qui est configuré pour générer
des ondes ultrasoniques dans l'essieu rigide
(16) couvrant une partie entiere de I'essieu rigi-
de a inspecter lorsque la sonde (50) se trouve
a l'intérieur du trou borgne,

la sonde (50) comportant un élément de mise
en prise congu pour mettre en prise I'essieu ri-
gide (16) auquel la sonde (50) est accouplée de
maniere opérationnelle, I'élément de mise en
prise comportant un élément chargé par ressort
(76) sous la forme d’'un anneau situé radiale-
ment vers l'intérieur d’'un élément d’accouple-
ment comportant un certain nombre d’aimants
(66a, 66b), I'élément chargé par ressort (76)
étant congu pour presser la face d’extrémité (58)
de la sonde (50) contre la surface inférieure du
trou borgne et I'élément d’accouplement (66a,
66b) de la sonde (50) étant congu pour mettre
en prise laface avant (18) de I'essieu rigide (16)
et pour maintenir la partie d’'inspection (56) en
alignement avec le trou borgne.

Systeme d’inspection selon la revendication 1, dans
lequel le transducteur ultrasonique comporte un
transducteur ultrasonique a faisceau angulaire (38)
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configuré pour propager une onde de cisaillement
et un transducteur ultrasonique a faisceau longitu-
dinal (40) configuré pour propager une onde de com-
pression, et les ondes ultrasoniques comportent
I'onde de cisaillement propagée par le transducteur
ultrasonique a faisceau angulaire (38) et 'onde de
compression propagée par le transducteur ultraso-
nique a faisceau longitudinal (40).

Systeme d’inspection selon la revendication 1, dans
lequella sonde comporte un dispositif de commande
(88) configuré pour analyser un écho afin de déter-
miner si un défaut est présent dans I'essieu rigide.

Systeme d’inspection selon la revendication 3, dans
lequel le défaut comporte au moins I'un parmi une
fissure, une encoche, une inclusion, un vide et une
fracture.

Systeme d’inspection selon la revendication 1, com-
prenant en outre un liquide de couplage sur la face
d’extrémité de la sonde (50).

Systeme d’inspection selon la revendication 5, dans
lequel le liquide de couplage comporte I'un parmi
eau, graisse, huile, et gel.

Systeme d’inspection selon la revendication 1, dans
lequel le transducteur ultrasonique comporte une
pluralité de transducteurs réseaux a commande de
phase configurés pour fonctionner avec différents
modes d’'onde et configurés pour fournir une discri-
mination de zone lorsqu’ils sont utilisés avec une
unité d’actionnement et d’évaluation pendant I'enre-
gistrement codé de position d’'un balayage en mode
B de la surface de peau de l'essieu.

Systeme d’inspection selon la revendication 1, dans
lequelle transducteur ultrasonique comporte un seul
transducteur ultrasonique.

Systeme d’inspection selon la revendication 1, dans
lequel la sonde (50) est congue pour étre automati-
quement centrée a l'intérieur du trou borgne lors-
qu’elle est insérée dans celui-ci.

Systeme d’inspection selon la revendication 1, dans
lequel la sonde (50) comporte un élément de fixation
congu pour fixer la sonde a l'intérieur du trou borgne.

Procédé d’inspection, comprenant :

l'insertion d’une sonde (50) d’un systeme d’ins-
pection selon une quelconque revendication
précédente dans un trou borgne formé dans une
face avant (18) d’un essieu rigide (16) ; et

I'activation d’un transducteur ultrasonique (38,
40) de la sonde (50) afin d'amener des ondes
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ultrasoniques a se propager a l'intérieur de I'es-
sieu rigide (16).
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